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4 Claims. 
The present invention relates to improvements 

in the preservation of biologically active sub 
stances, such as Sera, protein Solutions, bacterial 
cultures, pharmaceutical and glandular sub 
Stances, Viruses and other labile biological Sub 
stances; and it relates more particularly to in 
provements in final containers for Sealing such 
Substances under a high Vacuum after treating 
Such substances by freezing and dehydration un 
der a high vacuum, and includes the improved 
final containers containing the desiccated Sub 
stances, sealed under vacuum, and provided with 
means by which water or other liquid can be 
readily introduced into the container without de 

5 stroying the vacuum, to restore the desiccated 
substances to a liquid state suitable for use. 

Biological substances, as now commonly dis 
tributed, and marketed, are packaged and Sealed 
in a liquid state. Products so marketed and dis 
tributed tend to deteriorate and to lose their 
biological properties, and the marketing of such 
products in such form involves a serious economic 
loss, both because of the loss of biological ac 
tivity or potency of the products between the 
time of manufacture and the time of use, and 
because of the large proportion of such products 
which must be discarded because of deterioration 
on storage. Such products are Commonly Sold 
with a fixed expiration date after which they are 
not to be used, and a large proportion are not 
used before their expiration date has passed and 
must be discarded. 

It has been proposed to improve the stability. 
and keeping properties of such biologically ac 
tive substances by freezing such products and dry 
ing, that is, removing water fron, the frozen 
products under a high Vacuum, both in bulk and 
in final containers. It has also been proposed 
to Seal Such products, after desiccation, in con 
tainers under a high vacuum, such as in Sealed 
glass anpoules, or in containers provided with 
perforable closures, such as rubber stoppers. 
The desiccated biologically active Substances 

are very porous, and it is important to seal and 
distribute them under a vacuum, both to prevent 
any deterioration which might be caused by con 
tact with air, and to facilitate the dissolving 
of the material in Water or other aqueous fluid 
when restoration is desired. If the material is 
maintained under a vacuum, and water is in 
troduced into the container before the vacuum is 
broken, the vacuum tends to pull the water into 
the pores and interstices of the material, insur 
ing intimate contact of the water with the ma 
terial. If air or other gas is introduced into the 
container before the Water is introduced, the 
material tends to become air-bound, with the re 
sult that the water does not readily penetrate 
into it and the material does not dissolve rapidly. 
When the desiccated material is sealed in a 
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glass ampoule under a vacuum, it is necessary, 
When it is desired to restore the material to a 
liquid state, to break the ampoule, with conse 
quent destruction of the vacuum, and with the 
result that the material becomes air-bound and 5 
does not dissolve readily in the water and must 
be shaken vigorously or allowed to remain in 
contact with the water for a considerable period of 
time before it dissolves. However, where a glass 
Sealed anpoule is used, there is absolute assur- 0 
ance that the material is maintained under a 
high vacuum, and free from contact with air or 
moisture or contamination, regardless of how 
long a period of time it may be stored. 
When the material is sealed in a container hav- 5 

ing a perforable closure, such as a rubber stop 
per, Water or other liquid may be introduced into 
the container, as by means of a hypodermic nee 
dle, Without destroying the vacuum to enable the 
material to be restored to a liquid state. Under 20 
Such conditions, and where the water or liquid 
is introduced without destroying the vacuum, the 
material dissolves rapidly and readily, because of 
the intimate contact between the liquid and the 
desiccated material. 
The object of the present invention is to pro 

vide for the preservation of desiccated biologi 
cally active substances in containers which have 
the advantages of the glass sealed ampoules and 
of the containers provided with a perforable clo 
sure, that is, in containers, provided with an all 
glass Seal, yet of such construction that water 
may be introduced to restore the material to a 
liquid state. Without breaking the vacuum within 
the container. 
In accordance with the present invention, a 

suitable vial or container, preferably cylindrical 
in shape, provided with a relatively long tubular 
neck, the inside of which at the point adjacent 
the top of the vial or container is tapered to fit 
a rubber stopper, is provided. The size of the 
vial may be varied almost at Will, its capacity be 
ing determined by the amount of material Which 
it is intended to contain and being such as to 
contain one or more unit portions of the material. 5 
Thus the capacity of the container may vary from 
a fraction of a cubic centimeter to 50 or 100 or 
more cubic centimeters. The volume of the con 
tainer, however, must be somewhat more than 
twice as great as the volume of the material in- 50 
tended to be processed therein, in order to pro 
vide adequate surface for the sublimation or. 
evaporation of Water therefron, Thus if un 
concentrated material is processed in the con 
tainer, the container must have a volume of about 
twice the volume of the final restored product, 
whereas if concentrated material, such as mate 
rial which has been concentrated to about one 
half volume in a suitable manner, is processed 
within the container, the container may have an 80 
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2 
amount of desiccated material within it which 
on restoration to its normal liquid condition about 
fills the container. The neck of the vial, even 
where tapered, must be of sufficient size to permit 
the free flow of Water vapor during the desicca 
tion process. 
In carrying out the desiccation, the material 

is originally frozen by exposure to a refrigerant 
maintained at a very low temperature, and is 
then subjected to the action of a high vacuum, 
the heat absorbed during the Sublinnation or va 
porization which takes place being sufficient to 
maintain the material in a frozen state despite 
the flow of heat into the material from the at 
mosphere or surroundings. In order to maintain 
the sublimation or vaporization at a Sufficient 
rapid rate to prevent the melting of the material, 
it is necessary to provide an adequately large 
passageway for the vapors, and to avoid the use 
of vapor passages of too small a lumen, or with 
too many constrictions. 
Into the container so provided is introduced 

the proper amount of biologically active substance 
to be treated, and this substance is then frozen, 
preferably while the container is in a more or 
less horizontal position to insure a maximum 
exposed surface for sublimation, and by exposure 
to a refrigerant maintained at a very low temper 
ature, e.g., -70° C. The container is then at 
tached to a vacuum manifold and Subjected to 
the action of a high vacuum to remove the Water 
from the frozen material. After the desicca 
tion has proceeded to the desired extent, the con 
tainer is removed from the vacuum manifold, and 
a rubber stopper is introduced into the neck and 
forced down to form a tight joint in the tapered 
portion of the neck. A hollow needle, such as a 
hypodernic needle, is then passed through the 
stopper, and the air in the container is removed 
through the needle, producing a vacuum within 
the container. The needle is then removed, with 
the result that the desiccated material is sealed 
within the container under a high vacuum with 
a perforable closure. 
The glass neck of the vial, which extends con 

siderably above the rubber stopper, is then flame 
sealed, either while the vial is still attached to the 
vacuum manifold, or after removing the vial 
from the manifold and drawing a portion of the 
neck to a capillary tube, re-evacuating the neck 
and flame-sealing the neck at the point where it 
has been drawn to a fine tube. It is advanta 
geous to draw a portion of the neck at the point 
of sealing to a fine tube before sealing as this 
simplifies the Sealing operation, and insures the 
production of a vacuum-tight seal, without risk 
of the glass puncturing, as frequently occurs 
when tubes of relatively large diameter are flame 
sealed under a vacuum. After the Sealing, or 
before, the tube or neck of the via is etched or 
scratched a little below the top of the rubber 
stopper, so that it may be readily broken of at 
this point. The desiccated material so produced 
is maintained as a formed porous mass, having 
the shape and volume of the frozen material 
from which it is produced, without change in its 
physical structure after desiccation, and having 
an immense network of capillaries or pores. 
When it is desired to use the material within 

the container, it is merely necessary to break off 
the neck or tube at the etched or scratched point 
and introduce Water Or aqueous fluid into the 
container by means of a hypodermic needle or 
similar device which is readily forced through the 
perforable rubber stopper. The vacuum, which 
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is maintained within the container, during stor 
age by means of the glass seal, and just prior 
to restoration by means of the rubber stopper, 
facilitates the introduction of water and insures 
the complete and speedy dissolving of the mate 
rial in the water. 
The invention will be further illustrated and 

explained in connection with the drawing, which 
illustrates a container which embodies the in 
vention and the various stages in its production 
and use, but the invention is not limited thereto. 
In the drawing: 
Fig. i is a sectional view of the container after 

the desiccated material has been produced there 
in; 

Fig. 2 is a sectional view of the container after 
the rubber stopper has been introduced into the 
neck, showing the means by which a vacuum is 
produced in the container; 

Fig. 3 is a view showing the final container, 
after sealing; and 

Fig. 4 is a view showing the container after 
the neck containing the perforable stopper is 
broken off and showing the means by which water 
may be introduced. 
In Fig. 1, 0 represents a vial or container of 

Suitable size intended for the marketing or distri 
bution a desiccated serum or other biologically 
active substance, containing a desiccated biolog 
ically active substance f, which is produced in 
the container by introducing into the container a 
liquid biologically active substance, freezing it 
rapidly by immersing the container in a refriger 
ant maintained at a very low temperature, e. g., 
70 C., attaching the container to a vacuum 

manifold and Subliming or evaporating the ice 
therefrom with the aid of a high vacuum. The 
container is provided with a relatively long neck 
2, of sufficient diameter to provide for the free 

flow of vapors from the interior of the container, 
which neck has a tapered portion 3 near the top 
of the vial proper. 
After the desiccated material has been pro 

duced within the container 0, the container is 
removed from the vacuum apparatus and a per 
forable stopper, e. g., a rubber stopper, such as 
the stopper 4 shown in Fig. 2 is introduced into 
the neck 2 and forced into tight engagement 
with the tapered portion 3 of the neck which 
forms an interlock with the stopper to prevent 
inward movement of the stopper. This stopper 
is advantageously provided with a passage 5 
part way through it to facilitate the passage of 
a needle. After the stopper is thus forced into 
position, a hollow needle 6 suitably connected 
by connection to a suitable vacuum device is 
passed through the perforable stopper. The in 
terior of the container is thus exhausted, and 
after a vacuum is produced within the container, 
the needle is withdrawn. The stopper 4 then 
serves to hold the vacuum within the container. 
The neck 2 of the vial is then flame-sealed, to 
produce a container such as illustrated in Fig. 3. 
In order to Seal the neck of the container, it is 
advantageous to heat a portion of the neck by 
means of a broad flame and draw it to capillary 
dimensions and then to connect the neck again 
to a vacuum pump or manifold and seal it by 
means of a flame. By following this procedure, a 
Seal such as shown at 8 is obtained, with the 
portion of the neck between the stopper f4 and 
the Seal 8 evacuated as well as the interior of 
the container O. With special precautions, or 
with the use of certain types of glass, such as 
Pyrex glass, the neck 2 may be sealed while a 
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Vacuum is maintained therein, without first 
drawing a portion of it to a fine tube, but it is 
advantageous to draw a portion to a fine tube 
before Sealing, as this simplifies the production 
of a proper seal, and avoids the difficulties en 
countered in sealing a relatively large tube under 
a high vacuum. 

I have described the flame-sealing of the neck 
of the vial or container while the neck is con 
nected to a vacuum, to insure the presence of a 
vacuum in the sealed neck between the rubber 
stopper and the glass seal, as this is a particularly 
advantageous method of sealing the contain 
erS, and is the method which I prefer to use. 
The container so produced, having a vacuum 
both in the container proper, and a vacuum in the 
neck between the rubber stopper and the glass 
Seal is a form of container which I prefer and 
which is particularly advantageous. Neverthe 
less, my invention is not limited to the production 
of such containers, or such containers, as the 
glass seal may be made without connecting the 
neck to a vacuum, and without producing a vac 
uum within the neck, particularly with those con 
tainers in which the volume of the container is 
relatively large, and is many times as great as 
the volume of the neck, or that portion of the 
neck between the rubber stopper and the glass 
Seal, without departing from the scope of my 
invention. When the neck is flame-sealed with 
out first producing a vacuum within the neck, 
the air within is greatly attenuated by the heat 
required to Seal the glass and is free from any 
appreciable amount of moisture so that there is 
but little air present above the rubber stopper 
to penetrate past the stopper into the container, 
and almost no moisture, so that, despite the fact 
that Some air may enter the container, the 
amount which can enter is small, and the amount 
of moisture which can enter is almost infinitesi 
mal, so that the vacuum within the container, 
particularly where the container is relatively 
large, is not impaired to any great degree, and 
Sufficient air to interfere with the proper solu 
tion of the material on the introduction of water 
cannot enter the container. 
When it is desired to restore the material, it is 

simply necessary to break off the upper portion 
of the neck, 2, this portion of the neck being 
etched or scratched as at 9 (Fig. 3) to facilitate 
the breaking off of the upper portion of the neck, 
producing a container having a rubber stopper 
as shown in Fig. 4, and introduce the needle 20 of 
a hypodermic Syringe, or a needle suitably con 
nected to a vial containing water, so that the 
water can flow through the needle into the con 
tainer without permitting the entrance of air. 
After the proper amount of water has been so 
introduced, and after the desiccated material has 
been thoroughly wetted and penetrated by the 
water, the vacuum within the container aiding 
in this wetting and penetrating, air is introduced 
into the container, both to force the water into 
intimate contact with the inner portions of the 
desiccated material and to permit the withdrawal 
of the restored liquid material by means of the 

It will thus be seen that by the present inven 
tion, provide for the preservation of desiccated 
biologically active substances in a final con 
tainer having an all glass seal to insure the 
maintenance of the vacuum under which the 
desiccated material is maintained and to insure 
that no moisture or any contaminating sub 

3 
stances may enter the container, and yet which 
is provided with an interior perforable seal which 
permits the introduction of water or other liquid 
by means of a needle or the like without destroy 
ing the vacuum within the container and which 
is adequate to maintain the vacuum within the 
container for Such periods of time as may be 
required in the restoration of the material to a 
liquid State, or in the production of the glass 
Seal. The perforable seal, which is made of 
rubber or similar material, is protected from 
deterioration and from exposure by being sealed 
within the neck of the glass container. 
I claim: 
1. As a new article of manufacture, a sealed 

evacuated glass container containing a desiccated 
biologically active substance, said desiccated bi 
ologically active Substance having a formed po 
rous structure of substantially the volume and 
shape of the frozen material from which it is 
produced, said container having a sealed neck, 
a perforable stopper within said neck and in 
tight engagement therewith, said stopper being 
interlocked with said neck to prevent inward 
movement of the stopper and said stopper form 
ing a portion of the wall of that part of the glass 
container containing the desiccated biologically 
active Substance. 

2. As a new article of manufacture, a sealed 
evacuated glass container containing a desiccated 
biologically active substance, said desiccated bi 
ologically active substance having a formed po 
rous structure of substantially the volume and 
shape of the frozen material from which it is 
produced, Said container having a sealed neck, 
a portion of which is tapered, a perforable stop 
per within said neck and in tight engagement 
With Said tapered portion, said stopper forming 
a portion of the Wall of that part of the glass 
container containing the desiccated biologically 
active substance. 

3. As a new article of manufacture, a sealed 
evacuated glass container containing a desic 
cated biologically active substance, said desic 
cated biologically active substance having a 
formed porous structure of substantially the vol 
ume and shape of the frozen material from 
which it is produced, said container having a 
Sealed neck, a perforable stopper within said 
neck and in tight engagement therewith, said 
stopper being interlecked with said neck to pre 
vent inward movement of the stopper and said 
stopper forming a portion of the wall of that part 
of the glass container containing the desiccated 
biologically active substance, the portion of the 
neck between the stopper and the Seal being 
evacuated also. 

4. As a new article of manufacture, a sealed 
evacuated glass container containing a desic 
cated biologically active substance, said desic 
cated biologically active substance having a 
formed porous structure of Substantially the vol 
time and shape of the frozen material from 
which it is produced, said container having a 
sealed neck, a portion of which is tapered, a 
perforable stopper within said neck and in tight 
engagement with said tapered portion, said stop 
per forming a portion of the wall of that part 
of the glass container containing the desiccated 
biologically active substance, the portion of the 
neck between the stopper and the seal being 
evacuated also. 
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